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CLAIMS 

[Claim(s)] 

[Claim 1] The lightweight high intensity magnesium or the Magnesium alloy 
characterized by having a hole with a magnitude of 5-100 micrometers 30 to 70% 
at a volume rate. 

[Claim 2] aluminum — 1 - 5wt% — the lightweight high intensity Magnesium alloy 
according to claim 1 characterized by containing and the remainder consisting of 
Mg and an unescapable impurity. 

[Claim 3] furthermore. Zr — 0.5 - 4wt% — the lightweight high intensity 
Magnesium alloy according to claim 1 or 2 characterized by containing and the 
remainder consisting of Mg and an unescapable impurity. 

[Claim 4] furthermore, Si — 1 - 3wt% — claim 1 characterized by containing and 
the remainder consisting of Mg and an unescapable impurity - claim 3 — a 
lightweight high intensity Magnesium alloy given in either. 

[Claim 5] claim 1 - claim 4 — the manufacture approach of of the lightweight high 
intensity magnesium or the Magnesium alloy which is lightweight high intensity 
magnesium given in either, or the manufacture approach of a Magnesium alloy, and 
is characterized by cooling the molten metal containing the element of said 
lightweight high intensity magnesium or a Magnesium alloy, a foaming agent, and a 
thickener. 

[Claim 6] claim 1 - claim 4 — the manufacture approach of of the lightweight high 
intensity magnesium or the Magnesium alloy which is lightweight high intensity 
magnesium given in either, or the manufacture approach of a Magnesium alloy, 
adds a foaming agent to the molten metal containing said lightweight high intensity 
magnesium, or the element and thickener of a Magnesium alloy, and is 
characterized by cooling. 

[Claim 7] The manufacture approach of of the lightweight high intensity 
magnesium according to claim 5 or 6 or the Magnesium alloy characterized by the 
addition of a thickener being 1 .5 - 20wt%. 

[Claim 8] The manufacture approach of of the lightweight high intensity 
magnesium according to claim 5 or 6 or the Magnesium alloy characterized by the 
addition of a foaming agent being 1 .0 - 5.0wt%. 

[Claim 9] claim 5 characterized by a thickener being carbide - claim 8 — 
lightweight high intensity magnesium given in either, or the manufacture approach 
of a Magnesium alloy. 



[Claim 10] claim 5 characterized by a foaming agent being metal hydride - claim 9 
-7 lightweight high intensity magnesium given in either, or the manufacture 
approach of a Magnesium alloy. 

[Claim 11] claim 5 characterized by cooling rates being 30-80 degrees C / min - 
claim 10 ~ lightweight high intensity magnesium given in either, or the 
manufacture approach of a Magnesium alloy. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to lightweight high intensity 
magnesium or a Magnesium alloy, and its manufacture approach. 
[0002] 

[Problem(s) to be Solved by the Invention] In recent years, from a rise of the 
consciousness of earth environmental preservation, deplastics is cried for and 
improvement in resource recycle came to be made into the big target of ED. 
[0003] As the Magnesium alloy was said as the notebook computer, the wing of 
ventilating fans including a cellular phone, and the frame of glasses to the bottom 
of such a situation, it has spread for various kinds of applications. 
[0004] That is, since the Magnesium alloy fulfills the features of the both sides of 
lightweight nature and reinforcement nature, it is being begun to capture the big 
spotlight as alternate material of plastics. 

[0005] However, although excelled in lightweight nature, this is the case where it 
compares in a metal, namely, is 2/3 of aluminum, 1/4 of zinc, and extent called 
1/4.5 of iron. And if compared with plastics, it will be twice [ about ] as many 
weight as this. 

[0006] If only lightweight nature is considered for this reason, there will not be a 
Magnesium alloy and ****** what can fully be satisfied as alternate material of 
plastics, either. 

[0007] Therefore, the technical problem which this invention tends to solve is 
offering the lightweight high intensity magnesium or the Magnesium alloy which 
has secured about the same lightweight nature as plastics while being able to 
secure a conventional Magnesium alloy and conventional equivalent extent in a 
side on the strength. 

[Means for Solving the Problem] When forming the hole detailed like a pumice into 
magnesium or a Magnesium alloy (only henceforth a Magnesium alloy) inside [ the 
inside which promotes the examination about said technical problem 
wholeheartedly, and goes ], i.e., inside [ it repeated various thinking errors and 
went ], it came to acquire knowledge that lightweight nature can be secured, 
however a big fall will not be brought about in respect of reinforcement. 
[0008] This invention is attained based on such knowledge, and the 
aforementioned technical problem is solved with the lightweight high intensity 



magnesium or the Magnesium alloy characterized by having a hole with a 
rnagnitude of 5-100 micrometers 30 to 70% at a volume rate. 
[0009] That is. what a fall on the strength becomes remarkable when the hole 
formed into a metal is too large, lightweight nature is not conversely obtained 
when a hole is too small, but both lightweight nature and reinforcement can 
secure was that whose magnitude (average aperture of a hole) of a hole is 5-100 
micrometers. It is magnitude (40 micrometers or less and 25 more micrometers or 
less) of a thing preferably, And lightweight nature cannot be attained, although 
there is no problem in a side on the strength when a fall on the strength is 
comparatively [ the ] remarkable and there are too few the rates conversely, 
although lightweight nature is secured when there are too many the rates even in 
the hole of the above magnitude. That both lightweight nature and reinforcement 
can secure from such a viewpoint was the case where the hole of the above 
magnitude had 30 to 70% at a volume rate. Preferably, it is 40% or more and is 60% 
or less. 

[0010] Now, if it is the Magnesium alloy which has the above physical structures 
fundamentally, both lightweight nature and reinforcement can secure. 
[0011] However, even if it is a Magnesium alloy, when as follows, lightweight 
nature and reinforcement nature are further demonstrated for the alloy 
presentation, 

(1) aluminum — 1 - 5wt% (preferably 2 - 4wt%) — the Magnesium alloy with which 
it contains and the remainder consists of Mg and an unescapable impurity. 

(2) Zr — 0.5 - 4wt% (preferably 1 - 3wt%) — the Magnesium alloy with which it 
contains and the remainder consists of Mg and an unescapable impurity. 

(3) Si — 1 - 3wt% (preferably 1.5 - 2.5wt%) — the Magnesium alloy with which it 
contains and the remainder consists of Mg and an unescapable impurity. 

(4) aluminum ~ 1 - 5wt% (preferably 2 - 4wt%) and Zr — 0.5 - 4wt% (preferably 1 

- 3wt%) — the Magnesium alloy with which it contains and the remainder consists 
of Mg and an unescapable impurity. 

(5) aluminum ~ 1 - 5wt% (preferably 2 - 4wt%) and Si ~ 1 - 3wt% (preferably 1.5 

- 2.5wt%) — the Magnesium alloy with which it contains and the remainder 
consists of Mg and an unescapable impurity. 

(6) Zr — 0.5 - 4wt% (preferably 1 - 3wt%) and Si ~ 1 - 3wt% (preferably 1.5 - 
2.5wt%) ~ the Magnesium alloy with which it contains and the remainder consists 
of Mg and an unescapable impurity. 

(7) aluminum ~ 1 - 5wt% (preferably 2 - 4wt%) and Zr ~ 0.5 - 4wt% (preferably 1 

- 3wt%) and Si ~ 1 - 3wt% (preferably 1.5 - 2.5wt%) ~ the Magnesium alloy with 
which it contains and the remainder consists of Mg and an unescapable impurity. 
[0012] Especially, the Magnesium alloy of (1), (4). (5), and (7) is desirable. 
Especially a desirable thing is the Magnesium alloy of (7). That is, Mg alloy which 
made aluminum contain at an above rate has the remarkable improvement in room 
temperature reinforcement, and it is excellent in the plastic working characteristic. 
Moreover, the strong property of Mg alloy which made Zr contain at an above rate 
improves. Moreover, Mg alloy which made Si contain at an above rate can secure 
the fluidity of a molten metal, and is desirable from a viewpoint of manufacture 
effectiveness. 



[0013] Moreover, the aforementioned technical problem is the aforementioned 
lightweight high intensity magnesium or the manufacture approach of a Magnesium 
alloy, and is solved by the manufacture approach of of the lightweight high 
intensity magnesium or the Magnesium alloy characterized by cooling the molten 
metal containing the element of said lightweight high intensity magnesium or a 
Magnesium alloy, a foaming agent, and a thickener. 

[0014] Moreover, it is the aforementioned lightweight high intensity magnesium or 
the manufacture approach of a Magnesium alloy, and a foaming agent is added to 
the molten metal containing said lightweight high intensity magnesium, or the 
element and thickener of a Magnesium alloy, and it is solved by the manufacture 
approach of of the lightweight high intensity magnesium or the Magnesium alloy 
characterized by cooling. 

[001 5] Carbide is mentioned as the above-mentioned thickener. Furthermore, 
titanium carbide is specifically mentioned. Metal hydride is mentioned as a foaming 
agent. Furthermore, titanium hydride is specifically mentioned. 1 .5 - 20wt% of the 
addition of a thickener is desirable. Moreover, 1.0 - 5.0wt% of the addition of a 
foaming agent is desirable. 30-80 degrees C / min of a cooling rate are desirable. 
[Embodiment of the Invention] The Magnesium alloy which becomes this invention 
has a hole with a magnitude of 5-100 micrometers (especially 40 micrometers or 
less, 25 more micrometers or less) 30 to 70% (especially 40 - 60%) at a volume 
rate. 

[001 6] Especially as a Magnesium alloy, it is the thing of the following alloy 
presentation. The Magnesium alloy of (1), (4), (5), and (7) is desirable. Especially a 
desirable thing is the Magnesium alloy of (7). 

(1) aluminum — 1 - 5wt% (preferably 2 - 4wt%) — the Magnesium alloy with which 
it contains and the remainder consists of Mg and an unescapable impurity. 

(2) Zr — 0.5 - 4wt% (preferably 1 - 3wt%) — the Magnesium alloy with which it 
contains and the remainder consists of Mg and an unescapable impurity. 

(3) Si — 1 - 3wt% (preferably 1 .5 - 2.5wt%) ~ the Magnesium alloy with which it 
contains and the remainder consists of Mg and an unescapable impurity. 

(4) aluminum ~ 1 - 5wt% (preferably 2 - 4wt%) and Zr ~ 0.5 - 4wt% (preferably 1 

- 3wt%) — the Magnesium alloy with which it contains and the remainder consists 
of Mg and an unescapable impurity. 

(5) aluminum ~ 1 - 5wt% (preferably 2 - 4wt%) and Si ~ 1 - 3wt% (preferably 1.5 

- 2.5wt%) — the Magnesium alloy with which it contains and the remainder 
consists of Mg and an unescapable impurity. 

(6) Zr — 0.5 - 4wt% (preferably 1 - 3wt%) and Si ~ 1 - 3wt% (preferably 1.5 - 
2.5wt%) — the Magnesium alloy with which it contains and the remainder consists 
of Mg and an unescapable impurity. 

(7) aluminum ~ 1 - 5wt% (preferably 2 - 4wt%) and Zr ~ 0.5 - 4wt% (preferably 1 

- 3wt%) and Si ~ 1 - 3wt% (preferably 1 .5 - 2.5wt%) ~ the Magnesium alloy with 
which it contains and the remainder consists of Mg and an unescapable impurity. 
[001 7] The manufacture approach of the Magnesium alloy which becomes this 
invention is the aforementioned lightweight high intensity magnesium or the 
manufacture approach of a Magnesium alloy, and is the approach of cooling the 
molten metal containing the element of said lightweight high intensity magnesium 



or a Magnesium alloy, a foaming agent, and a thickener. It is the approach of 
adding a foaming agent to the molten metal which contains said lightweight high 
intensity magnesium, or the element and thickener of a Magnesium alloy 
especially, and cooling^to it. Carbide is mentioned as a thickener. Furthermore, 
titanium carbide is specifically mentioned. Metal hydride is mentioned as a foaming 
agent Furthermore, titanium hydride is specifically mentioned. 1 .5 - 20wt% of the 
addition of a thickener is desirable. Moreover, 1.0 - 5.0wt% of the addition of a 
foaming agent is desirable. 30-80 degrees C / min of a cooling rate are desirable. 
[0018] Hereafter, it explains in more detail. 

[0019] aluminum, Zr, Si, and Mg were blended so that it might become the 
presentation shown in Table -1. that is, it supplied to the crucible (SUS304 steel) 
of the vacuum melting furnace of an argon ambient atmosphere so that it might 
become the presentation which shows aluminum, Zr, Si, and the lump of each Mg 
in Table -1, and it was made to dissolve in it 
[0020] 

Table-1 aluminum (wt%) Zr (wt%) Si (wt%) Mg and an unescapable impurity 3 2 2 
The remainder An alloy 1 4 2 2 The remainder An alloy 2 2 2 2 The remainder An 
alloy 3 3 1 2 It remains. An alloy 4 4 12 The remainder Alloy 5 21 It remains two. 
Alloy 6 3 3 2 It remains. Alloy 7 4 32 Remainder Alloy 8 2 3 2 It remains. Alloy 9 5 
22 It remains. Mg alloy of alloy 10 this invention has a hole with a magnitude of 5- 
100 micrometers 30 to 70% at a volume rate. The thing of such structure is 
obtained as follows. 

[0021] the TiC powder whose particle size the hardener obtained by the above- 
mentioned dissolution is remelted in atmospheric air, and is about 3mm to this 
melting alloy — 0.2 - 3wt% — it adds and stirs. This adjusts viscosity to 1.0x103 
to 1.0x104cps. At this time, viscosity is hard to acquire less than 1.0x103cps Mg 
alloy which skillful ** of the foaming at degree process cannot be carried out, but 
has 30 - 70% of hole at a volume rate of this invention when too low. On the 
contrary, even if viscosity is too high exceeding 1.0x104cps, skillful ** of the 
foaming at degree process cannot be carried out, but Mg alloy which has 30 - 70% 
of hole at a volume rate of this invention is hard to be obtained. 
[0022] then, TiH2 powder — 1 - 3wt% — it is made to add and foam 
[0023] In addition, the TiC powder (thickener) and TiH2 powder (foaming agent) 
which were added are contained as TiC and Ti in the alloy. By this example, since 
these contents are small quantity not more than 5wt%, the unescapable impurity is 
considered. And it may be contained more mostly than this, and in such a case, 
TiC contributes to dispersion strengthening of an alloy and Ti contributes to solid 
solution strengthening. 

[0024] It cooled with the cooling rate of 30-80 degrees C / min after foaming, and 
Mg alloy of the description shown in the following table -2 was obtained. In 
addition, if a cooling rate is too quick exceeding 80 degrees C / min, Mg alloy with 
a hole with a magnitude of 5-100 micrometers will be hard to be obtained. On the 
contrary, even if under 30 degrees C / min have a too slow cooling rate, Mg alloy 
with a hole with a magnitude of 5-100 micrometers is hard to be obtained. 
[0025] 

Table -2 Alloy No Diameter of an average hole Void content Specific gravity 



Tensile strength Workability example 1 1 20 50 0.82 253 Good example 2 2 20 50 
0.93 242 Good example 3 3 20 50 0.81 21 3 Good example 4 4 20 50 0.82 223 Good 
example 5 5 20 50 0.91 242 Good example 6 6 20 500.79 212 Good example 7 7 20 
50 0.84 223 good examples 8 8 20 50 0.94 229 Good example 9 9 20 50 0.82 245 
fitness example 10 1 5 50 0.95 255 Good example 11 1 10 50 0.86 231 Good 
example 12 1 20 30 0.85 243 Good example 13 120 40 0.84 245 Good example 14 
1 20 60 0.80 238 Example 1 of a good comparison 1 - - 1.78 285 Example 2 of a 
good comparison 10 — 1 .79 290 Example 3 of a crack generating comparison 1 
110 50 0.75 89 Example 4 of a crack generating comparison 1 20 20 1.34 200 
Example 5 of a good comparison 1 20 80 0.50 45 Crack generating The diameter 
of * average hole is what was measured with the scanning electron microscope. 
For a unit, a mum* void content is the ratio of foaming alloy specific gravity and 
misfire bubble alloy specific gravity. It is that for which it asked, what the unit 
asked for volume % * tensile strength based on JISZ2241 — it is — a unit — MPa 
— it is lightweight, and the thing of this example is rich also in reinforcement, and 
its workability is also still better as this table -2 shows. 

[Effect of the Invention] While a conventional Magnesium alloy and conventional 
equivalent extent are securable in a side on the strength, about the same 
lightweight nature as plastics is securable. 



[Translation done.] 



